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Introduction
The phenomena known as the collision-induced enhancement of the multiphoton absorption (MPA) in SF, molecules is suggested to be understood as the result of SF, collisions with a nonabsorbing buffer-gas partners [I] . Actually, it is proposed that the dramatic increase in the absorption cross sections for SF, irradiated by CO, laser light, is due to it's rotational relaxation into states depleted by laser pumping. Now is accepted that collisions play a variety of roles in MPA processes, but rotational relaxation could be very important phenomena, while couples the states that are not being pumped by the laser, to those that are [2] . So called, "rotational hole filling" effect actually follows the collision-induced rotational relaxation by absorbing and also nonabsorbing partners in investigated gas mixtures.
The method suggested for orot.-rci. measurements [3] is based on the transinission spectroscopy (TRS) technique. It incorporates two assumptions: a) the rotational relaxation time of the absorbing molecule is the most important parameter which determines the laser pulse transmission trough the gas, and b) the appropriate analytical representation of the transmission process is one given for the steady-state response of a saturable absorber 141.
For a better understanding of the rotational relaxation phenomena, we have used the photoacoustic method (PAS) instead of proposed TRS method. The reason for this is the much higher sensitivity of PAS technique in comparison to TRS method.
Our experiment was performed in the gas mixtures of SF, molecules (p,, = 0,47 mbar) and Ar (in the pressure range 1-140 mbar) as the buffer-gas. The mixtures were irradiated by the pulsed CO, laser (FWHM 45 ns) operated at the lOP(16) line, in the fluence range 0,l-0,8 J/cm2. Althought the TRS and PAS approaches are similar, the results obtained for orot.-rel. by PAS technique seem to be more precise.
Experimental Technique and Data Reduction
The details about the experimental apparatus used to obtain the necessary data for o~~~, -~~I . For the illuminated gas in which rotational relaxation dominates, what has been found for gas mixtures (similar to our): by extensive numerical computation [6], the, so called, saturation intensity Is (photons/cm2) is defined [4] as where n is the density of the molecules, <v> their mean relative velocity, o, is the molecular absorption cross section for specific laser line at the fluence $ (J/cm2). On the other hand, for an optically thick absorber I, is also defined [4] as where hv is the CO, photon energy, d is the radius of the laser beam, t, is the laser pulse duration time, E, and E, are incoming and transmitted laser excitation energy through the cell of the length L, and a 0 is absorption coefficient of the gas mixture at the pressure p.
Let us define the absorbed laser energy along the length of the photoacoustic cell (L) as E,,. Then E, = El,-E, = S(p,y,T)P, , where S(p,y,T) is already determined sensitivity of the used photoacoustic gas cell-detector system. Pa (mV) is the relevant photoacoustic signal measured at gas mixture pressure p and for incoming laser light intensity E,. When S(p,y,T) and Pa, as the basic parameter, are measured, I, could be also expressed in terms of this quantities, i.e., where 1, being the length of the used photoacoustic microphone. From eq. (1) and eq. (3) orot.,l. is obtained for the absorbing gas molecules:
It is rather simple to obtain, in the case of the gas mixtures, where with A is the molecular absorber of the light designated, and with B the nonabsorbing collisional partner, the following relation:
where o~o,-re,, defines the rotational relaxation cross section of the absorbing particle A under the collision of nonabsorbing B species.
Experimental Results and Discussion
For the SF,-Ar mixtures the systematic measurements have been performed, to obtain orot.-rer. using PAS technique and SF, gas at the constant pressure. All photoacoustic measurements have been taken for already calibrated photoacoustic system, i.e. for every Ar pressure the apparatus sensitivity S(p,g,T) was known. Than, the research program has been incorporated the measurements for the three different laser light fluences (0.49, 0.30 and 0.19 J/cmZ), for which the relevant photoacoustic data (Pa and E,) have been registrated by PC computer, as well as them for every Ar pressure in the investigated pressure range (1-140 mbar).
In Fig. l a the changes of orof.-,I . are shown as the function of Ar gas pressures which TRS PAS is the characteristic of SF, molecules diluted by Ar. In our apparatus om,-,l. could be obtained by two experimental methods (PAS and TRS) independently or simultaneously. In values, as a function of Ar gas pressure, as well as, but not so dramatic one for smaller laser fluences.
In Fig. 2a However, it was of interest to determine, so called, T, quantity, with the aim of better understanding of MPA process in SF,-Ar mixtures. T, (in K) is the rotational translational temperature of the gas mixture. It is defined [7] as where <n> is the average number of the absorbed photon per one molecule (SF,), usually calculated from < n >= oo$lhv, R is the Rydberg constant, while hv is the laser photon energy. In Fig. 2b T, is given for SF,-Ar mixtures as the fbnction of Ar gas pressure. The results are also presented for the different laser fluences. Values for T, calculated from eq. (6) represent the "adiabatic" temperatures, i.e. temperatures reached by the unexpanded irradiated volume.
Conclusions
In this contribution, the use of the PAS technique is demonstrated for oror.-rel. measurements as well as its superiority in comparison with TRS technique (Fig. la) . The common opinion that the rotational relaxation processes could be the very important processes [I, 21 for "rotational hole filling" mechanism, it looks, is valid only for the low pressure regime (pAr 5 10 mbar). The dramatic decrease of orot-,l. and T, values for the buffer gas (Ar) pressure p > 10 mbar ( Fig. l b and Fig. 2b 
